
AN AGGREGATED SYSTEM OF TRANSPORT MODELS FOR THE MEDITERRANEAN FREE TRADE ZONE

Francesco Russo 

Prof, Department of Computer Science Mathematics Electronics and Transportation University Mediterranea of Reggio Calabria

Feo di Vito, 89060, Reggio Calabria (Italy, UE)

Tel +39 0965875232, Fax +39 0965875.360-257
francesco.russo@unirc.it

Vincenzo Assumma

PhD, Department of Computer Science Mathematics Electronics and Transportation

University Mediterranea of Reggio Calabria

Feo di Vito, 89060, Reggio Calabria (Italy, UE)

 Tel +39 0965875228, Fax +39 0965875.360-257
vincenzo.assumma@unirc.it
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1. INTRODUCTION 
This paper recalls the system of freight demand models obtained within the framework of research to develop a Decision Support System for transport policies. The projects are being financed by the National Research Council (CNR) and by the Italian Ministry of Transportation (Cascetta,1996; Russo, 1999). The integrated system of models is used for strategic planning on a national level. The models are applied to assess the effects of modifications on the configuration of the national transport system, which correspond to different exogenous scenarios, relative to national and international socio-economic and demographic variables.

A limitation of the current implementation of the Italian Decision Support System (DSS) is that of not using an explicit model for the import-export (I/E) of goods. Similar limitation arises in other national transport models developed in European Union; some of this models are presented in Lundqvist & Mattsson (2001).
1.1 The DSS for Strategic Planning of the Italian Transportation System

In the Italian project a modelling architecture (Fig. 1.1) combining spatial input-output models with random utility model and path choice was adopted for reasons of flexibility, data availability and internal consistency.
As stated in the literature (Cascetta, 1996; Cascetta et al., 1996; Russo, 1999; Cascetta, 2001), the multiregional input-output model produces region-to-region trade flow matrices for each economic sector using final demand vectors, technical coefficient matrices for regional economies and interregional trade coefficients which are elastic with respect to the generalised transport cost (Cascetta et al., 1996b). These matrices expressed in monetary terms are transformed into Origin-Destination matrices of freight quantities through specified indices of transformation/amplification (Russo and Conigliaro, 1997).

In the subsequent step the system contains an aggregate descriptive model that splits Origin-Destination matrices of freight quantities, with regard to dimensions, through exogenous coefficients into captive large shipments via sea or block train, and unconstrained small and medium-size shipments. The Origin/Destination (O/D) matrices of small and medium-size shipments were split among subregional zones (provinces) belonging to each region following a gravity model.
A macroclass identification model then allows aggregation of the quantities of goods belonging to the different sectors obtained by input/output models. 
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Fig.1.1 – Freight integrated model system architecture of national DSS (Cascetta, 1996; Cascetta et al., 1996; Russo, 1999; Cascetta, 2001)
It is supposed that there are behavioural homogeneities in decisions regarding freight shipments belonging to the same macroclass of goods.

Three macroclasses are currently used with regard to freight: perishables, consumer goods and industrial goods. 
Finally modal O/D matrices are assigned to networks following normative (rail) and random utility pseudo-dynamic (road) path choice models. In recent years, after the implementation of general DSS, specific models for modal choice at urban European level have been developed. In the current model system a descriptive approach (with fixed distribution and modal coefficients) is used to simulate international exchange; as we can see in figure 1.1, where the imports and exports are considered as exogenous input, recent work has been devoted to developing an international modal choice model based on a behavioural approach.

For specific geographical areas, models have been specified and calibrated (Nuzzolo and Russo, 1997) and the main results are reported in Tab. 1.1:

· first specification (E*) regards: France, Germany, Great Britain, Spain, Netherlands, Greece, Ireland, Portugal, Austria, Luxemburg, Denmark, Belgium, Switzerland, Ex Yugoslavia, Norway, Finland and Sweden;

· second specification (Et) regards a subset of homogeneous countries with which most I/E traffic traditionally takes places: Germany, France, Austria and  Switzerland;

· third specification (En) regards countries linked by an operational high frequency combined service: Great Britain, Netherlands, Denmark and Belgium.
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Tab. 1.1 – Import/Export freight modal choice at international level (Nuzzolo and Russo, 1997)

1.2 The Euro-Mediterranean Free Trade Area (EMFTA)
The legal foundations for Mediterranean-wide policies are based on the 1957 Treaty of Rome. The primary aim of such policies is the need to maintain and intensify economic and political ties with Mediterranean countries to ensure that Europe occupies a prominent position in an area of strategic importance. From 1957 to today there have been various phases in Community policy in the Mediterranean (Tab. 1.2): it is linked to a Euromediterranean Partnership, underlying which there is a plan of cooperation and interregional integration that is essentially based on the creation of a Free Trade Area.

[image: image2.emf]Phase  Years  Obj e c t ive s   I  1957  -  1972  Ties of trade and political nature with the Countries of the   Mediterranean (bilateral logical)   II  1972  -  1986  Financial collaboration and social - economic development of the Mediterranean  partner (global approach)   III  1986  –  1994  Financial cooperation  -  stability and security in the   Mediterranean basin (renewed Mediterranean  policy )   IV  > 1994  Interregional cooperation and integration, founded on the geographic,   historical and cultural proximity of the Mediterranean Co untries  -   Free Trade Zone (Euromediterranean)    

Tab. 1.2 – Mediterranean policy phases 
The Barcelona Euromediterranean Conference (27-28 November 1995) officially launched the Euromediterranean Partnership. The countries that participated in the Conference were the 15 European Union members (now 25) and 12 Non-EU Mediterranean Countries (NEMC): Algeria, Cyprus, Egypt, Jordan, Israel, Lebanon, Malta, Morocco, Syria, Tunisia, Turkey and the Palestinian Authority (Libya was excluded because of the embargo). Under the economic profile, the Barcelona text provided for the creation of a Free Trade Zone to be achieved by 2010 through a network of bilateral agreements between the EU and NEMCs and the same NEMCs (in order to promote economic cooperation south-south): the agreements on trade and tariffs will be directed towards removing the barriers to the free circulation of goods. The total value of goods exchanged between the countries on the south side of the Mediterranean, the so-called NEMCs, and EU 25 amounted to US$185 billion in 2003 (ICE, 2003) more than half the total exchange of goods in those countries. The importance of the Mediterranean basin is also reflected in the considerable flow of goods between the European Union and the two macroareas of Asia and America, respectively US$ 720 and 600 billion (ICE, 2003). 
Apart from Euro-Mediterranean Free Trade Area (EMFTA) there are others Free Trade Areas around the world: the Caricom (Carribean Community and Common Market), the Mercosur (Common Market of the southern part of the Americas) the ASEAN (Asian Pacific Economic Commission), the FTAA (Free Trade Areas of the Americas), the NAFTA (North American Free Trade Agreement). In these Areas there is the same great problem of confrontation between industrialized countries and developing countries, with similar problem of modelisation of transport of goods. The total value of goods exchanged in 2003 between this Free Trade Areas appears in the next Tab. 1.3 (World Development Indicator, 2005).
[image: image3.emf]export (US$ million) import (US$ million) population (million)

CARICOM 11.199,00 15.163,00 13

MERCOSUR 105.921,00 68.747,00 223

NAFTA 1.161.940,00 1.726.574,00 425

FTAA 1.344.363,00 1.889.935,00 817

ASEAN 446.319,00 387.446,00 537

EU 15 2.901.090,00 2.811.893,00 379

EU 25 3.096.350,00 3.037.934,00 452

EMFTA 3.232.145,00 3.210.301,00 699

WORLD 7.578.698,00 7.578.698,00 6.273


Tab.1.3 – Free Trade Areas Export/Import (US$ million) (WDI, 2005)

The objectives of this paper are:  
· to construct a general report of goods exchanged in the Mediterranean basin, making particular reference to the EuroMediterranean Free Trade Area and trade with the world;
· to reproduce the current situation by means of a system of statistical-descriptive models; the purpose is to obtain a good forecast of transport demand and to know the distribution of the fair consequent to participation or modification in the transport system, so that the main European countries in the Mediterranean basin may define their system of models. In this regard, this work provides submodels and calibrations of a model system that give the possibility of eliminate the fixed exogenous matrices for generation, distribution and modal split of I/E and simulate the link between industrialized countries and developing countries, with in particular focus on the trade and the connected transport between all the country of the two sides of the Mediterranean sea.
2. CURRENT DEMAND IN THE EUROMEDITERRANEAN FREE TRADE AREA 
We analyzed the statistics (ICE, 2003) regarding the total exchange of goods towards specific macroareas (values in US$ million) of Italy, France, Spain and Greece (Tab. 2.1), that is the countries mainly affected by the EuroMediterranean Free Trade Area, and the 12 Non-EU Mediterranean Countries excluding Palestine, for which no significant statistics could be obtained. Instead, we took Libya into consideration, given its possible admission into the EuroMediterranean Free Trade Area (Tab. 2.2).
As we can see from tab. 2.2, the role of North Africa is particularly strong towards the EU15.
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Tab. 2.1 – Italy, France, Spain and Greece Export/Import (US$ million) (ICE, 2003)
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Tab. 2.2a – NEMC Export (US$ million) (ICE, 2002)
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Tab. 2.2b – NEMC Import (US$ million) (ICE, 2002)
Subsequently we analyzed the statistics (ICE, 2003) regarding transport demand (US$ million) of the 12 Non-EU Mediterranean Countries (excluding Palestine) and Libya with Italy, France, Spain and Greece, that is the countries mainly affected by the EuroMediterranean Free Trade Area (Tab. 2.3).
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Tab. 2.3 – Italy, France, Spain and Greece Export/Import (US$ million) versus NEMC (ICE, 2003)
We then analyzed the statistics (ICE, 2003), subdivided by type of good, regarding transport demand (US$ million) of the 12 Non-EU Mediterranean Countries (13 with Libya) with Italy. 
Using ICE statistics reported for the year 2003 and using Nomenclature Standard goods classification for transport statistics (NST/R) (Tab. 2.4) some tables were constructed in which the goods are combined into five macroclasses (Tab. 2.5). 
[image: image8.emf]MACRO CLASSES  N STR  PERISHABLE GOODS  –   HIGH VALUE   00  Food and live animals   I  01  Beverages and tobacco   V  09  Machinery and transport equipment  Miscellaneous manufactured articles     MACROCLASSES  N STR  INDUSTRIAL GOODS   02  F uels materials , inedible, except  fuels   II  03  O ils , lubricants and related materials   04  Various minerals   05  Metallurgic materials   III  06  Crude materials  classified chiefly by material   07  Animal and vegetable oils, fats and waxes   IV  08  Chemicals and related products    


Tab. 2.4 -  Correlation between Nomenclature Standard goods classification for transport statistics (NST/R), (www.europa.eu.int)
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Tab. 2.5a – Italy’s exports (US$ million) to NEMC (ICE, 2003)
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Tab. 2.5b – Italy’s Imports (US$ million) from NEMC (ICE, 2003)
From statistics analyzed it emerges that:

· NEMC trade with EU 25 amounted in 2003 to US$150 billion, that is half total NEMC trade;

· Italy, France and Spain are the largest trading partners of the NEMC, with goods exchanged estimated at US$90 billion, that is 60% of the total towards the whole European Union; 

· the role of North Africa is particularly important for the supply of goods to EU 15. However, the exchange of goods is greater among the new European partners (10 members that acceded in 2004);

· for Italy most of the imports involve fuel and oil products (macroclass II of NST/R) while most of the exports involve machinery, vehicles and finished products (macroclass V).
3. MODEL
3.1 State of the art
According to the current literature (Bayliss, 1988; Regan & Garrido, 2000; Haralambides and Veenstra 1998; Russo, 2005) demand models can be classified on the basis of four main elements. Based on the nature of the data used for estimation purposes the models are distinguished into:  
· disaggregate;  
· aggregate.
Another distinction can be made in reference to the basic hypothesis of the model:
· statistical-descriptive;  
· probabilistic-behavioural.

While aggregate models have been applied mainly using a statistical-descriptive type (Harker 1987; Bayliss, 1988), disaggregate models have been applied mainly using a probabilistic-behavioural approach (Freight Transportation Group 1980; McFadden and Winston, 1981; Winston, 1983; Picard and Gaudry, 1993).

Yet another classification of freight transportation studies concerns the geographical scope under consideration. Studies can be divided into three broad categories: 

· national and international;

· intercity;

· urban. 

This classification is particularly useful as decision-makers involved in each category are quite different, as are the forces that generate freight movements.
Based on the structure of the model, on the category of aggregate national and international models, three main approaches to modelling national and international demand for shipping may be identified:

· the first approach follows the standard theory of international trade (Mundell, 1957) which allows the indirect inclusion of transportation costs; the standard trade theory is concerned with the pattern of trade between two or more nations, based on the Ricardian principle of competitive advantage (Ricardo, 1817);  
· the second approach relies on an aggregate cost function for a given industrial sector, from which a demand function for shipping is derived (Oum and Waters, 1996); 

· the third approach is the use of spatial interaction models to estimate trade flows (Wilson, 1974; Hartwick, 1974; Nijkamp, 1975): the outgoing flows from the origin zone divide up the destination zones proportionately inversely with distance; these models have the advantage of modelling flows rather than freight demand directly, which makes them attractive for practical use. 
In the literature very few works have been done on freight transportation at international level, most of them only as a support to know the freight transportation quantities, without study modal-service and path choices Coto-Millàn et al. (2005), for example, offer a theoretical explicative model and provide empirical evidence to the determinant variables which explain the behaviour of maritime imports and exports for a particular economy such as the Spanish one. The difficulty is to create a congruent and coordinated system of models, using generation and distribution models to arrive at transport models as mode-service choice model and path choice model with choice of time and terminal. This is the reason why it is impossible to use, for example, the time series, useful only to estimate imports and exports quantities. 

The models in literature are only of interregional type or just crossboarder (Regan & Garrido, 2000), while there is very few about transport models at international level. In particular, there are no transport models involving industrialized countries and developing countries.

From the current literature it emerges that only one aspect of trade is modelled relative to Mediterranean. In the context of studies conducted by the Femise Research Programme, the MEDINA AGRO I (Lorca Corrons, 2000) aims to analyze the effects of the creation of the EuroMediterranean Free Trade Area in agriculture. The states involved in the study are the EU, Morocco, Egypt, Turkey and Tunisia. Model specification is developed in two different phases (as summarized in Trecozzi, 2004): an increase in exports through price cutting and a consequent effect on national production of the increase in sector exports. The regional exports of each economic sector can therefore be specified:
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where:

Xri = increase in sectoral exports in region r;
Prixr = increase in export price in region r;
Prixj = increase in export price in state j;

TCr = exchange rate of state j which is in region r;

DUMMY = variable dummy of political instability.
3.2 Database used
The study area, the Mediterranean basin, was subdivided into two zones:
· North: Italy, France, Spain and Greece;  
· South: Morocco, Algeria, Tunisia, Malta, Libya, Egypt, Jordan, Israel, Lebanon, Syria, Turkey, Cyprus, Palestine.
Demand database 

To calibrate the models, references were obtained from various sources:  
· World Development Indicator 2003 (www.worldbank.org);  
· Italian National Institute for Foreign Trade (www.ice.gov.it);  
· Italian National Institute of Statistics (www.istat.it). 
From the World Development Indicator 2003 some social-economic variables were obtained:

· GDP($);

· Population;

· Unemployment (% of total labour force);
· Inflation (%);

· Commercial energy production (kg of equivalent oil);

· Commercial energy consumption (kg of equivalent oil);
· Electricity production (kwh);

· Per capita electricity consumption (kwh). 
From the National Institute for Foreign Trade aggregate and disaggregate data were obtained regarding:
· value of goods (in million US$) exchanged between the countries in our study area. 
From the National Institute of Statistics we obtained data, subdivided by cargo type (liquid bulk, solid bulk, container, roll on-roll off) and by goods type making use of NST/R classification, regarding Italian shipping statistics:  
· amounts of goods (in thousands of tons) exchanged by sea between Italy and countries of the south side of the Mediterranean. 

Supply database 

With reference to the particular study area, the existing supply of transport for shipments of goods corresponds to the following shipping mode-services:  
· container;  
· solid bulk;  
· liquid bulk;  
· roll on-roll off.

For every mode-service we considered, as level of service attributes, monetary cost and travel time: to calculate these variables we referred to existing models in the literature (Russo, 2005). The distances Dij reported to the largest centre of production/attraction of each country were calculated by means of the "Encarta Multimedia Atlas 2000", assuming shipping routes (for countries with two or more centres of production/attraction we used an average between the centres).
3.3 Specification
Generation model 
The generation model supplies the amount of goods exported from a country. 

We used the regression model by category, that is a specification of the descriptive models:
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where:

Yi = dependent or explicative variable; in our case it will be the export of goods, in US$ million, from a generic country i;

Xi = independent or explicative variable; in our case they are the social-economic variables reported for a generic country i;

j = model coefficients to be estimated.
Distribution model
The distribution model supplies the percentage of goods that are distributed from an origin O to a destination D. The model used is a multinomial logit: 
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in which Vi is the attractivity associated to the destination i and is a linear combination of the parameters k and of the attributes Xk of the possible destinations in relation to the origin zone:
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The attributes that appear in the attractivity can be distinguished into two groups:

· attractive attributes, that are variables capable of measuring the attractive ability of one zone as a goods destination;

· cost attributes, that are variables capable of measuring the generalized cost of transporting goods from the origin to the destination; in our case we considered the distance (in km) between the different zones.

Mode-service choice model
The mode-service choice model simulates the transport demand split between the various transport modes or services. 
The used model is a multinomial logit:
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in which Vi is the systematic utility associated to mode m and is a linear combination of the parameters k and of the attributes Xk of all the modes available for the shipments: 
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According to the particular study area, we considered the four alternatives recalled in the previous section. For each mode-service we considered monetary cost and travel time as attributes of level of service. 
Other attributes included are the Specific Attributes of Alternative (ASA) (or modal preference) which are worth one for a mode and zero for the others and account the characteristics of every mode not valued quantitatively. 
The specification of the systematic utility for the choice between container (LOLO), solid bulk (RIS), liquid bulk (RIL) and roll on-roll off (RORO) shipping is:
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where:

Cod= cost of transporting goods as far as country d starting from Italy, making use of the considered mode;

Tod = time employed to transport goods as far as country d starting from Italy, making use of the considered mode;

LOLO, RIS, RIL, RORO = specific attributes of the alternative, can appear more in all the alternatives less one (alternative of reference will be that which corresponds greater traffic of goods: liquid bulk in the shipments from the South towards Italy, containers in the shipments from Italy towards the South); 

HUB = dummy variable: it is equal to one if the country contains a transhipment port that offers departures directed towards two main intercontinental economic areas (USA East Coast and Far East) with at least one million TEU (Twenty Equivalent Unit) moved also in a year, zero otherwise;

EN = dummy variable: it is equal to one if the country is an important energy producer (advanced to 30 million kg oil equivalent in a year), zero otherwise;

SERV = dummy variable: it is equal to one if between Italy and the generic country I there is a high-frequency service (at least 25 departures per week), zero otherwise.

3.4 Calibration
Generation model 

We calibrated two generation models, one for the North zone and one for the South zone of our study area. Several model specifications were performed, with progressive additions of various social-economic attributes.
According to the type of goods exported, classified by the Nomenclature Standard goods classification for transport statistics (NST/R), we calibrated several models, of which we show the coefficients for the generation model from the North and from the South (Tab. 3.1).
It emerges that with increasing GDP there is a linear increase in exports. Also North Zone production is more homogeneous than the South Zone. Hence the rho-squared is higher.
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Tab.3.1 - Coefficients of the generation model 
Distribution model

Thus, as with the generation model, also for the distribution model two models were calibrated, one that predicts the distribution of goods from North to South and the other vice versa. Several model specifications were performed, with the progressive addition of several attractivity attributes; all the attributes are referred to the country of destination.
According to the type of goods distributed between countries several models were calibrated. We show the distribution model coefficients from South to North and from North to South (Tab. 3.2). It emerges that energy production is an appreciable factor for the distribution of goods towards the North Zone.
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Tab. 3.2 – Coefficients of the distribution model
Mode-service choice model

As regards the Italian DSS defined above, for the mode-service choice model we decided to focus on the exchange of goods between Italy and the countries on the south side of the Mediterranean, as we were able to reconstruct a complete database for Italy. 
Therefore as for the distribution model, also for the mode-service choice model we calibrated several models for which we show the coefficients of the mode-service choice model from the South side of the Mediterranean towards Italy and the other from Italy towards the South side of the Mediterranean (Tab. 3.3). 
It emerges that travel time is not an appreciable factor for the mode-service choice model for the transport of goods towards Italy, since for Italy most of the imports concern fuel and oil products (macroclass II of NST/R) while most of the exports concern machinery, vehicles and finished products (macroclass V of NST/R).
Finding a remarkable amount of oils, lubricants and  related materials (branch 3 of NST/R) transported by means of shipping mode-services liquid bulk, we calibrated two other types of models:

· in the first model (Tab. 3.4) the goods of branch 3 have been eliminated, always using same shipping mode-services;  

· in the second model (Tab. 3.5) it has been eliminated the shipping mode-services liquid bulk (RIL), because this alternative is totally used for the transport of oils, lubricants and  related materials (branch 3 of NST/R).
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Tab. 3.3 – Coefficients of the mode-service choice model
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Tab. 3.4 – Coefficients of the mode-service choice model (without branch 3)
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Tab. 3.5 – Coefficients of the mode-service choice model (without branch 3 and shipping mode-services liquid bulk)

4. CONCLUSIONS
Some interesting results emerge from the analysis of the calibrated models, in particular concerning the importance attached to the different maritime services for I/E according to specific service and freight characteristics The recent introduction of the high speed service is also considered.

The current demand of goods exchanged in the Mediterranean basin was fully represented, making particular reference to the EuroMediterranean Free Trade Area and to trade with the rest of the world. Given the difficulty finding data for all the countries in our study area, the database could be updated and completed. Importantly, today there is no single database with all the statistics of goods exchanged in the Mediterranean basin, and the existing data, elaborated from various sources, are often conflicting.

Subsequently we attempted to reproduce the current situation by the use of a system of statistical-descriptive models. The signs of the attributes of level of service (travel times and monetary costs) are congruent with those expected.
Generation and distribution models can be used for the different European countries, and together with the mode-choice model, can be employed to implement the Italian DSS. All things considered, they represent an improvement in previously used models.
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